Abstract: "Continuous" tight gas reservoirs are those reservoirs which develop in widespread tight sandstones with a continuous distribution of natural gas. In this paper, we summarize the geological middle-south transition region are "continuous" tight gas reservoirs. The accumulation of "continuous" tight gas reservoirs is controlled by an adequate driving force of the pressure differences between source rocks and reservoirs, which is demonstrated by a "one-dimensional" physical simulation experiment. In this simulation, the natural gas of "continuous" tight gas reservoirs moves forward with no preferential is higher than that of conventional reservoirs.
reservoirs commonly consist of large volumes of sandstones to sandstones and most of these reservoirs are not directly dependent on the buoyancy of gas in water for their existence.
in the middle-south transition region, Sichuan Basin, China.
Anyue whose reserves are all over 0.1×10 12 m 3 have been found in recent years. The exploration results show that each producing at least some gas, but the production characteristics of the drilled wells can vary significantly ((0.001-200) In summary their results show: 1) the lower source rocks in charged with gas and which cannot be represented in terms of individual, countable pools delineated by down-dip water contacts. All the characteristics are different from those of conventional natural gas pools.
Introduction
"Continuous" tight gas reservoirs are those reservoirs which develop in widespread tight sandstones with a "continuous" tight gas reservoirs is great, meaning that American production of "continuous" tight gas reservoirs in 2007 reaches 0.5×10 12 m 3 , accounting for 1/6 of the overall natural gas production (Pollastro, 2007) . Therefore, it is important to enhance the research into exploration and development of "continuous" tight gas reservoirs. These reservoirs are characterized by the following aspects: 1) the source rocks primarily contain type III kerogen and are There are still problems: Can the natural gas reservoirs reservoirs? What are the geological characteristics of the driving force for the accumulation of "continuous" tight gas
In this paper, we studied comprehensively the geological characteristics of the source rocks and sandstones of physical simulation of "continuous" tight gas reservoirs was carried out in the Key Laboratory of Petroleum Accumulation of CNPC to analyze the accumulation mechanism.
Geological setting
The Sichuan Basin is the fourth largest basin in China, locating in the eastern part of Sichuan Province near Chongqing City. It is a very important petroliferous basin the east, with a total area of about 180×10 3 km 2 . The Sichuan Basin is a large sedimentary basin surrounded by folds and divided into six tectonic units ( Fig. 1) : foreland depression area in the west (I), flat fold area in the middle (II), thrust fold area in the north (III), steep structure area in the east (IV), uplift in the west and south (V), less steep fold area in the south (VI). Our study area is the middle-south transition area with a total area of 17.5×10 3 km 2 geologic history, this area went through the following tectonic evolution: Caledonian and ancient Indosinian uplift, late Indosinian and Yanshan foreland slope, and the Himalayan the early Indosinian movement (Fig. 2) . It is primarily a set of continental foreland basin system with coal. It can be members are primarily sublitharenite, feldspathic litharenite Leikoupo Formation also with a parallel unconformity (Fig. 2) . The Sichuan Basin is rich in natural gas resources. Several since 1950s (Fig. 2) 
D i s t r i b u t i o n c h a r a c t e r i s t i c s o f "continuous" tight gas reservoirs
We selected a two-dimensional seismic exploration area (nearly 3,000 km 2 ) which covers the Tongnan, Hechuan, north of Anyue, east of Hebaochang fields and contains 79 drilled wells, compiled a natural gas saturation map using the logging data of drilled wells in this area, and corrected this map with the thickness of sandstone reservoir obtained by two-dimensional seismic data. The results show that the natural gas. The natural gas production is closed to the natural gas saturation in the drilled wells. The natural gas saturation of drilled wells in Hechuan and Tongnan areas is up to 70% (Fig. 3) .
We also obtained the natural gas saturation of drilled wells from the well log interpretation, and compiled the well section AB (17 drilled wells across the Anyue, Tongnan and Hechuan natural gas fields) of natural gas saturation in "continuous" the natural gas saturation is above 35%, which indicates that with natural gas (Fig. 4) .
Source rocks

Continuous distribution
distributed continuously in this study area. The thickness of to northwest, and the average thickness is about 40 m. The thickness in the Suining, Lujiaba, and Hebaochang areas is the largest and the average thickness is more than 50 m. In is no mudstone in Hechuan, Tongnan areas because erosion occurred in the Late Cretaceous (Fig. 5) . The thickness of the and the average thickness is about 2.5 m. The thickness in Suining, Sichuan, Anyue and Hebaochang areas is the largest and the average thickness is more than 3 m. In the Hechuan and Tongnan areas, the average thickness is about 1-2 m sedimentary facies are underwater distributary interchannel of braided river delta front, develop in the whole study area, and the average thickness is about 15 m. The mudstone thickness in the Hechuan, Tongnan and Anyue areas is the highest and the average thickness is more than 25 m (Fig. 7 ).
High natural gas generation intensity
Peak gas generation is occurring now because the maturity of the source rocks ranges from 1.0% to 1.5% (Huang et al, 2004) which means the organic matter can produce a large amount of natural gas. The high natural gas generation intensity (average 1,000×10 6 m 3 /km 2 ) ( Fig. 8 ) guarantees the
The source rocks primarily contain of type III kerogen widespread distribution, high thickness, and high natural gas generation intensity. Therefore, they can provide adequate natural gas supply for the formation of "continuous" tight gas reservoirs in the whole study area.
Reservoir rocks
5.1 Low porosity and permeability and volcanic debris dissolution pores form the main pore space area belong to the braided delta front in a shallow lake sedimentary facies are primarily underwater distributary channel, mouth bar and underwater distributary interchannel. and some siltstones which are primarily sublitharenite, feldspathic litharenite and litharenite (Fig. 9) . The average porosity of reservoir rocks is 5% to 6%, the logging Darcy permeability is less than 0.1 mD, and most of the pore particles in the sandstone reservoirs is high but early carbonate cements are not observed ( Table 2 ). The diagenesis is strong, including compaction and silica, calcite and illite cementation. Strong compaction caused close contact of sandstone particles, deformation of ductile particles and breakdown of rigid particles ( Fig. 10(a), (b) ). Silica cementation, calcite cementation and illite cementation (Fig.  10(c) , (d)) were also key factors for the low porosity and permeability of reservoirs. Silica cement is always in the form of authigenic quartz and the content is generally 0.5% to 3.5% or higher, up to 16%. Occurrences of silica cement can be the overgrowth of quartz grains and microcrystalline quartz. Calcite cement is formed in the middle-late A2 diagenesis and later than the formation of the membrane of chlorite. Strong compaction and cementation caused the low porosity and permeability of the reservoir rocks, while the late dissolution, especially the dissolution occurring in volcanic debris effectively protected the pores and improved the porosity and permeability of the reservoirs (Fig. 11) , which is helpful for the accumulation of "continuous" tight gas reservoirs. This secondary porosity in volcanic debris is the main pore space in the reservoir rocks. porosity, low permeability and low saturation of free water (Table 3 ), which will result in poor potential energy exchange between lower and upper natural gas volumes. The natural gas reservoirs are thin (3-8 m), so the buoyancy is less than the capillary pressure ( Table 4 ), meaning that the buoyancy cannot provide enough driving force for gas migration. 
Thick and continuous distribution
As mentioned above, the micro sedimentary facies of channel and mouth bar, and some underwater distributary interchannel. Large trough cross bedding (Fig. 12(a) ), scour filling structure (Fig. 12(b) ) and large sets of thick coarse grain sized sandstones with a bell-shaped log gamma curve always develop in underwater distributary channel. Small trough cross bedding (Fig. 12(c) ), wormhole construction ( Fig. 12(d) ), and small sized sandstones with a funnel-shaped gamma curve and good sorting (Fig. 13 ) develop in delta mouth bars.
Because the braided channels frequently changed during deposition, sand lens formed by the multi-channel deposits overlapped vertically, developing sandstone layers of 10 m or more (Fig. 14) . The sandstone layers are distributed continuously in the study area, and are thick (Fig. 15) .
continuously in the study area, which is favorable for the formation of "continuous" tight gas reservoirs. 6 The relationship between source rocks and reservoir rocks
Sources rocks are close to reservoir rocks
Braided delta front distributary channels develop generally frequently during the deposition, resulting in interspersed distribution of large sets of sandstones and mudstones (Fig. 16) , which is also advantageous for the formation the large sets of sandstones (thicknesses are mostly 2 m) and coals (thicknesses are mostly 0.5 m) are interspersed because the braided rivers changed frequently. Abandoned river sections formed oxbow lakes, in which were deposited a set of coal beds and a mudstone cap. After that, the channel changed again and formed a braided river, eroded the mudstone cap, and the channel sandstones covered the coal bed directly. In planar view, source rocks and reservoir rocks are distributed continuously in the study area. In section, the source rocks contact closely with the reservoir rocks. Therefore, the distribution relationship between source rocks and reservoir rocks is also helpful for the formation of "continuous" tight gas reservoirs.
Enough pressure in source rocks and reservoir rocks
The hydrocarbon generation and differential compaction south transition region resulted in enough pressure in source rocks and reservoir rocks to control the accumulation of
The main accumulation period of "continuous" tight gas displacement pressure when the mercury content is 50% in the experiment corresponds to the expulsion pressure (Wang et al, 2000) . According to the study of Southwest Oil and Gas Field Company of PetroChina, the average pressure value of mercury in the experiment in Hechuan and Tongnan areas is 2 natural gas pools is controlled by an adequate driving force between the pressures in source rocks and reservoirs.
Physical simulation of "continuous" natural gas pool
Two sets of "one-dimensional" physical simulation experiments were designed in order to further explain that the accumulation of "continuous" tight gas reservoirs is controlled by the adequate driving force between pressures in source rocks and reservoirs rather than buoyancy which controls the accumulation of conventional natural gas pools. The experimental samples were 80-100 mesh glass beads (on behalf of conventional natural gas pools) and 250-300 mesh glass beads (on behalf of "continuous" tight gas reservoirs) ( Table 5 ). The physical simulation experiment was performed using equipment in the Key Laboratory of Petroleum Accumulation of CNPC. The whole equipment includes the increase extrusion system, the injection system, the "one-dimensional" model system, and the measurement system. The increase extrusion system is used to add the overburden pressure to perform the experiments, including the invisible tube glass glass model whose maximum overburden pressure is 40 and then the sample with the smaller 250-300 mesh beads. The specific steps were as follows. First, we filled the tube ensured the water saturation was 100%. Second, we added the simulated overburden pressure with the piston for 10 hours, and then recorded the experimental permeability and charge pressure data. Third, we injected natural gas into bottom of the model for 1 hour, measured the gas input and the water output, and calculated the experimental gas saturation of the model (equivalent to the overall gas saturation of the actual pool). The experimental data indicated that the overall gas saturation of the small beads sample (simulating a "continuous" natural gas reservoir) was higher than that of the large beads sample (simulating a conventional natural gas pool).
In the second set of experiment, we used visible glass model which cannot withstand the overburden pressure, but can be observed. Different from the first set of experiment, we measured two samples (80-100 mesh glass beads and 250-300 mesh glass beads) at the same time for easy comparison. water saturation was 100%. Second, we packed the glass beads for 10 hours, injected gas into the bottom of the model for 1 hour, and then observed the color change and the gas migration within the glass model. One hour after the gas injection, the migration process was completed. We found that the natural gas of "continuous" tight gas reservoirs (simulated by 250-300 mesh glass beads) moved up with no preferential of 0.3 cm/min and the gas saturation was greater than 70%. Comparatively, the natural gas in the 80-100 mesh glass beads (simulating a conventional natural gas pool) moved up ( Fig. 19(b) ) at a rate of 0.8 cm/min and the gas saturation was less than 30%. Because the permeability of the "continuous" natural gas reservoir model was much less than that of the conventional natural gas pool model, the gas moved up through the column much more slowly. However, all the small beads inside the column were a natural gas-saturated pathway, and the pores between the beads could capture the gas, which resulted in high gas saturation (70%). Conversely, the accumulation of simulated conventional natural gas pool was controlled natural gas changed the wettability of the beads' surface. migration experiment.
Because the permeability of conventional gas pools was higher, the natural gas moved up much more quickly.
the gas rather than the whole section, which resulted in a low gas saturation (30%).
Conclusions
transition region are typical "continuous" tight gas reservoirs. Source rocks are primarily coals (average thickness is 2.5 thickness is 12 m). Source rocks primarily contain type III kerogen, and are distributed continuously in this study area. Peak gas generation is occurring at the present day because the maturity of the source rocks ranges from 1.0% to 1.5%.
The high natural gas generation intensity (average 1,000×10 6 m 3 /km 2 ) guarantees the formation of "continuous" natural gas are also thick and are distributed continuously in this study to 6%, and the logging Darcy permeability is less than 0.1 delta fronts in shallow lakes. Channels changed frequently during the deposition, resulting in interspersed distribution of large sets of sandstones and mudstones, which is helpful for forming "continuous" tight gas reservoirs. The low porosity, permeability and free water saturation of the reservoir rocks result in poor potential energy exchange between lower and upper natural gas layers, and the natural gas layers are thin, so the buoyancy is less than the capillary pressure, meaning that the buoyancy cannot provide enough driving force for gas migration. The gas accumulation of "continuous" tight gas reservoirs is controlled by an adequate driving force between the pressures in source rocks and reservoirs, which is demonstrated by a "one-dimensional" physical simulation experiment of "continuous" tight gas reservoirs. 
